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Low strength from improper curing
Low strength from excess water
Shrinkage cracking

Freeze thaw cycles

Chloride attack

Alkali silica reaction

Sulfate attack

Acid attack

Carbonation

Fatigue and overloading (least)




/

/

N\

N

AN



™~

™~

Re-entrant
corner

[Qrazing

\Elastlc
\\ g
\\ i
—
Drying
shrinkage
f Positive hear
ASR g \
\< rinkage
, Sawcut
~x too late
moment < O

Subgrade

attlement
Joints too
far apart

Corr sion

Cofrosi

Negative
omentg

/\

orrosion

bollards

Anodic
ring









Dry heat and windy conditions caused widespread cra cking



Making the concrete denser and less permeable

Lower w/c, use SCM, proper gradation, curing ...

Minimizing cracking potential

...low shrinkage concrete

Controlling the cracks / crack widths

... fiber reinforcement



Concrete shrinkage
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Approaches to minimize cracking and curling due to s hrinkage

Ol

Mix design approach

Less joints
$ : Shrinkage reducing admixtures and ess
Shrinkage compensation crac Kl ng
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MORE AND LARGER COARSE AGGREGATES

MEANS: LESS SURFACE AREA
AND LESS SPACE TO FILL

WHICH MEANS LESS PASTE

WHICH MEANS LESS CEMENT

WHICH MEANS LESS WATER

WHICH MEANS LESS EXCESS WATER
WHICH MEANS LESS SHRINKAGE

WHICH MEANS LESS CRACKING & CURLING



Moist cure

Air dry

7 days
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Length change
Contraction «<——F—— Expansion

Portlanql Cement Concrete

ACI 223 graphic
curves dependent on many factors
no influence from fibers

Shrinkage Compensation

Time

Shrinkage Reduction

importance of curing illustrated
mix design can influence
testing diligence is very important
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Types of Fibers
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Testing FRC



Effect of Fiber Dosage

Flexural Load, Ibf
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FRC benefits

During the construction

* Reduced labor and costs
 Reduced construction time

* Increased safety

» Potential reduction in thickness

After the construction (in service)

* Three dimensional reinforcement

« Shorter and thinner cracks (in any)
e Less spalling and chipping

* Increase in long-term durability

* Lower maintenance costs
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CALTRANS spec:
1 Ib/yd 3 micro and 3 Ib/yd 2 macro fibers
¥ gal SRA (0.032% shrinkage)
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